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Abstract: MXene quantum dots (MQDs) , with their excellent photovoltaic and surface-active properties,
have shown good potential for application in multidisciplinary fields. In this paper, we systematically discuss
MXene quantum dots (MQDs) from four dimensions: preparation process, application scenarios,
technological bottlenecks and development paths. The process characteristics and applicability of top-down
stripping and bottom-up synthesis are compared and analyzed. The innovative applications in the fields of
energy storage and conversion, biosensing and molecular detection, precision medical intervention,
environmental governance and information encryption are also discussed. In the future, machine learning-
enabled reverse material design will accelerate the development of functionalized MQDs, defect engineering
modulation and core-shell heterostructure construction are expected to break through the bottleneck of light
absorption, the development of degradable bioelectronic devices will expand the boundaries of clinical
applications, and the establishment of a standardized toxicity assessment system is a key prerequisite for
medical translation. With the in-depth integration of the materials genome project and flexible electronics
technology, MQDs are expected to catalyse subversive technological changes in the fields of intelligent
sensing systems, individualized diagnostic and therapeutic devices, and human-machine interaction
interfaces, and ultimately build a whole industry chain innovation ecology from basic materials innovation to
terminal system integration.
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Fig.1 Schematic diagrams of MQDs prepared by bottom-up method ~ (a)molten salt method**'; (b)pyrolysis method"**"; (¢)microwave method"*?!
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Fig.2 Schematic diagrams of MQDs prepared by top-down method

(a)hydrothermal method™"’; (b)solvothermal method'**’; (¢ )ultrasonic method"*"; (d )mechanical stripping method'™’; (e )micro-explosion method"*"!
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Table 1 Preparation of MQDs and reaction conditions

Technology path  Preparation method Feature Reference

Bottom-up Molten salt method High temperature liquid environments (above the melting point of salts) [34-36]
Pyrolysis method Inert atmosphere induced at high temperatures [37-39]
Microwave method Microwave field assist [40-42]

Top-down Hydrothermal method Aqueous solution environment under high temperature and pressure [44-47]
Solvothermal method Organic solvent environment under high temperature and pressure [48-49]
Ultrasonic method Cavitation effect of high-frequency acoustic waves at room temperature [50-51]
Mechanical stripping method Physical stripping at room temperature [52-55]
Micro-explosion method Instantaneous energy release [28,56]
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Fig.3  Schematic diagrams of MQDs application in energy storage and conversion field

(a)solar cells'™”; (b)micro-supercapacitors'?; (¢)highly transparent supercapacitors
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Fig.4 Schematic diagrams of the application of MQDs in the field of biosensing and molecular detection

(a)miRNA detection®’; (b)bacteria detection'®’; (¢ )dopamine detection*); (d)2, 6-pyridinedicarboxylic acid detection
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Fig.5 Schematic diagrams of MQDs applications in the field of disease treatment

(a)anti-biofilm therapy and wound regeneration'™; (b)MQDs-based platform with photothermal-photodynamic

bimodal therapeutic function'”
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